Introduction
Atrial septal defect (ASD) is a common congenital heart disease. Its principal treatment involves open-heart repair under cardiopulmonary bypass and transcatheter device closure guided by echocardiography and fluoroscopy. According to literature, both treatments can give satisfactory clinical results but have various shortcomings. For patients undergoing surgical repair, unpleasant surgical scars and inevitable damage from cardiopulmonary bypass are the main complications. For most selected cases, transcatheter device closure is often the first choice as it does not require surgical incision (1) (2) (3) (4) . However, the biggest drawback of this procedure is X-ray radiation exposure. To overcome the shortcomings of the two methods, our approach was to use a transcatheter technique to close the ASD. This resulted in better cosmetic results than those by surgical repair. Moreover, our technique was completely guided by transthoracic echocardiography (TTE), thus avoiding X-ray exposure. This study aimed to evaluate the safety and efficacy of our procedure, and the results were found to be encouraging.
TTE. Their age ranged from 3 to 75 years (mean±standard deviation, 17.6±16.7 years). The body weights ranged from 15 to 72 (35.6±18.5) kg. Group II included 125 patients (43 males and 62 females) who underwent transcatheter device closure guided by fluoroscopy and echocardiography. The ages ranged from 4 to 60 (18.2±15.1) years, and the body weights ranged from 18 to 76 (34.1±16.2) kg. No differences in age and body weight distribution were found between the groups.
All patients were diagnosed with secundum ASDs by preoperative TTE. Inclusion criteria for both groups were secundum ASD with the presence of adequate rims (distance from the edge of the defect to the adjacent anatomic structures of ≥5 mm) and the maximum diameter of the ASD of 36 mm. Other indications included hemodynamically significant left-to-right shunts, significant chamber enlargement, and/or mild-to-moderate pulmonary hypertension, with the presence of clinical symptoms. The exclusion criteria included association with other congenital heart disease (such as partial pulmonary venous anomaly), severe pulmonary hypertension (pulmonary vascular resistance >4 Woods units), multiple ASDs, congestive heart failure, and an inability to provide informed consent. Obese patients with vague TTE acoustic window were also excluded from this study.
Routine examinations included a standard electrocardiogram, chest X-ray, and blood tests. In both groups, 65 patients had mild-to-moderate pulmonary hypertension that was assessed by TTE with pulmonary artery systolic pressures of 30-60 mm Hg. Forty-three patients had symptoms, including recurrent pulmonary infection, chest tightness, palpitations, shortness of breath, exercise intolerance, and insignificant chest pain. The chest X-rays showed pulmonary congestion, and echocardiography showed hemodynamically significant left-to-right shunts and/or significant chamber enlargement.
The domestic ASD occluder (Shan Dong Visee Medical Apparatus Co. Ltd., China) used in this study was similar to the Amplatzer ASD occlude but less expensive. A fenestrated occluder was not used. The routine catheter was purchased from Beijing Huayi Shengjie Technology Co. Ltd.
In group I, endotracheal intubation and combined intravenous-inhalation anesthesia were used in juvenile patients, whereas local anesthesia or local anesthesia with intravenous sedatives was used in adult patients. The patients were placed supine and were draped for exposure of the entire chest with the probe placed below the xiphoid and at the apex and parasternal side to guide the entire procedure. Heparin was intravenously administered, and the activated clotting time was monitored to be maintained at >250 s. The right femoral vein was punctured, and a venous sheath was inserted. A mark on a multifunctional catheter was set to measure the distance from the puncture point to the heart, which allowed for effective manipulation of the catheter depth into the veins. Subsequently, a multifunctional catheter and a guide wire were advanced into the venous sheath. Under the guidance of real-time TTE, the multifunctional catheter and guide wire were advanced into the right atrium via the inferior vena cava. By adjusting the angle, the direction, and the depth of the tip, the multifunctional catheter and guide wire were advanced into the left atrium through the ASD (Fig. 1) , and then, the multifunctional catheter was withdrawn (Fig. 2) . A delivery sheath was inserted along the guide wire into the left atrium, and the inner core and the guide wire were withdrawn (Fig.  3) . The tip of the sheath was confirmed in the left atrium. Next, an occluder was delivered carefully through the sheath by pushing a rod. The left atrial disc of the occluder was opened and pulled back parallel to the atrial septum (Fig. 4) , and the right disc was sequentially opened to close the ASD (Fig. 5) . After checking the occluder's immobility and the possible presence of a residual shunt, the occluder was released, and the delivery sheath was withdrawn. In group II, the standard method of transcatheter device closure of ASDs guided by echocardiography and fluoroscopy was used as previously reported (5).
Statistical analysis
The Statistical Package for Social Sciences software version 19.0 was used for statistical analysis. Continuous data are presented as the mean±standard deviation and range. The data were tested using normality test (the Shapiro-Wilk test) had normal distribution. The clinical parameters between the two groups were compared using the independent samples t-test. A p value of <0.05 was considered as statistically significant.
Results
In group I, successful occlusion was achieved in 150 patients. The other two patients were converted to surgical closure because of device dislodgment into the right atrium during the perioperative period. Among the successful 150 cases, the operative time ranged from 30 to 90 (38.2±21.4) min, the size of the occluder ranged from 10 to 38 (21.4±8.5) mm, and the hospital stay was 2-5 (3.1±1.2) days. The overall immediate complete closure rate was 90.7%. A tiny residual flow through the device or the junction of the occluder and the rims of the ASD was observed in the intraoperative period in 14 patients, all of which had disappeared at follow up. Minor complications were encountered in a small number of patients, including transient arrhythmia (n=12) in the course of device deployment, which spontaneously recovered or were easily treated by drugs. Puncture site hematoma occurred in two patients, requiring no medical treatment. During the perioperative period, no complications related to embolism, residual fistula, complete atrioventricular block, hemolysis, infection, or thrombosis-related conditions were noted. During the follow-up period of 3 months to 2 years, functional assessment, TTE, and ECG were performed. Symptoms had resolved totally or had improved significantly. The complete closure rate was 100%. No episodes of endocarditis, thromboembolism, device disruption, heart valve distortion, or permanent rhythm disturbances were noted. Table 1 displays the comparison of the clinical data of all patients in both groups. No statistically significant differences were observed in the success rates or complications. The only difference was that fluoroscopy was not performed in group I.
Discussion
According to the literature, the treatment of ASDs began with traditional surgical thoracotomy patch repair and advanced to With the invention and application of various new occluders, it has become another standard treatment for the closure of ASD in most patients. In addition to the satisfactory treatment result, its advantages are obvious, including absence of scar, no pain, and very short hospital stays. However, the greatest risk is that both doctors and patients are exposed to Xrays, which may lead to radioactive damage. In recent years, many Chinese cardiac centers have started performing transthoracic minimally invasive device closure of ASD, combining the advantages of transcatheter and surgical procedures (7, 8) . Although the procedure is cost-effective, with no X-ray exposure and relatively good cosmetic outcomes, it still involves a 3-4 cm incision. In this study, we performed transcatheter device closure of ASD guided completely by TTE and reported our experience. TTE played an important role and was used as only a guiding tool during the complete procedure in this study. It should be performed by an experienced sonologist. Many reports have suggested that the effectiveness and accuracy of TTE is lower than that of transesophageal echocardiography (TEE) (9-11). According to our experience, TTE can be sufficient to measure the diameter of an ASD and guide device closure of the ASD, consistent with the reports by other scholars. We concluded that this procedure can be accomplished considering the patient's clear acoustic window by TTE, especially in the Chinese population. Bartakian et al. (12) reported that the use of TTE is as efficacious and safe as TEE for assessing and guiding ASD occlusion in selected pediatric patients. TTE may also offer the additional benefit of reduced X-ray exposure. Azhar (13) concluded that TTE has the same efficacy as TEE in device closure of ASDs but with superior safety features, including significantly reduced procedural time and fluoroscopy times and less use of general anesthesia. Ding et al.'s (14) study showed that TTE guidance alone may be considered as efficacious and safe as TEE during transcatheter device closure of ASDs in selected adults. Oto et al. (15) demonstrated the efficacy and safety of TTE guidance during percutaneous device closure of patent foramen ovale, demonstrating a shortened procedural time without the need for general anesthesia or endotracheal intubation. We also used TTE to guide transthoracic device closure of ASDs and transcatheter device closure of patent ductus arteriosus with satisfactory results (16, 17) . Increasing the number of investigators confirmed that TTE can be used as a reliable tool for guidance during device closure by skilled hands.
The most difficult part of this procedure was the measurement of the diameter of the ASD and the evaluation of the circumferential margin. With our previous experience, we gained the insight that TTE guidance could provide an accurate measurement of these parameters from the apical four chamber view, the parasternal long-axis view, and the subxiphoid acoustic window, enabling completion of the procedure and determination of the maximum diameter of the defect. In the traditional procedure, fluoroscopy with the waist of a compliant balloon is used to determine the appropriate size of the occluder, which is the most important step in the entire procedure. Chien et al. (18) developed a noninvasive sizing method for transcatheter closure of ASDs under TTE without balloon sizing that does not require fluoroscopy. Li et al. (19) also evaluated the ability to determine the ASD size by TTE and the efficacy and safety of TTE guidance prior to, during, and after transcatheter device closure of the ASD. Sah et al. (20) concluded that the preprocedural TTE assessment of the ASD size using a scaling formula in patients with adequate TTE windows can accurately predict the occluder size. All studies supported the notion that TTE can be used as the only guiding tool to precisely measure the ASD diameter. However, for the ASDs with deficient rims, using TTE presents some risk. O'Byrne et al. (21) reported the accuracy of TTE in assessing retro-aortic rims prior to the device closure of ASDs. Li et al. (22) reported the efficacy and safety of TTE-guided transcatheter closure of ASDs with deficient superior-anterior rims. We also used TTE as the only tool to guide transthoracic device closure of ASDs with inferior vena cava rim deficiency and obtained satisfactory clinical results (23) .
Many studies have reported their experience regarding the safety and efficacy of transcatheter device closure of ASDs guided by TTE, but it should be used in combination with fluoroscopy to reduce the fluoroscopic times. Other researchers used TTE as the only tool, similar to our preliminary report. Pan et al. (24) also reported their experience of transcatheter device closure of ASDs using TTE guidance as the only imaging tool. Their method avoided fluoroscopy, endotracheal intubation, and probe insertion and was associated with a satisfactory procedural success rate and low costs (24) . Yang et al. (25) used a modified delivery system and a re-established procedure. They showed that transcatheter closure of ASDs without fluoroscopy is a safe technique in selected children (25) . Similar results were also reported by Sadiq et al. (26) and Zaqout et al. (27) . They concluded that TTE can be effective and safe as the only tool for measuring ASDs and for guidance during device deployment in young children by skilled and professional hands (26, 27) .
Our approach was similar to that in the above mentioned study, in that we also proved that the procedure can be completed with successful results without fluoroscopic guidance. A critical first step was to build a delivery track. Without X-ray positioning, the surgeon's spatial thinking and constant communication with the sonologist were especially important during guide wire placement in the left atrium. In general, the tip of the catheter is not clearly displayed by TTE; therefore, we set a mark in a multifunctional catheter to ensure preliminary estimation of the distance between the puncture point and the heart, thereby effectively preventing cardiac rupture by the catheter. Meanwhile, the process of catheter and sheath insertion should be careful and slow, usually requiring various echocardiography views (apical four-chamber and parasternal long-axis or subxiphoid views) to detect the location of the catheter and the sheath. The catheter could be rotated to make the tip appear clear in the view, and repeated views should be taken to confirm its position. This step was different from that in the routine method. All other steps were similar to those in the routine method.
In our series, device closure was successful in 98.7% patients, and the closure rate was very impressive. The clinical result obtained using our procedure were similar to those obtained using the routine procedure. Moreover, another advantage of our procedure was that it did not require radiation, making it a more attractive option for adolescents and children. The use of computed tomography and cardioangiography for diagnosis and therapy has increased dramatically in recent years. Although the dose of radiation is very low, increasing number of clinical studies have focused on radiation-related side effects, especially in pediatric patients. Many experts have found that these procedures may increase the risk of leukemia, brain tumors, and other types of cancer in children (28, 29) . Furthermore, this technique can simplify the procedure and is easy to implement. The average operative time was ≤1 h, which is acceptable by most operators. However, this process requires a learning curve on the part of operators. The operator should be familiar with openheart surgery and transcatheter device occlusion, especially the spatial structure of cardiac anatomy.
Study limitations
Our study has some limitations. First, the number of cases was small, and there may have been selection bias. In addition, some cardiac centers are already using this procedure, as we mentioned above; future studies with a larger sample size and more multicenter trials with long-term follow-up are needed to better assess the efficacy and safety of this procedure. Finally, we do not want to claim that this procedure can replace the traditional method. However, it can be used as an alternative for the patients who are unable or unwilling to be exposed to radiation.
Conclusion
In conclusion, we believe that transcatheter device closure of ASDs guided completely by TTE is safe and effective. It can avoid surgical scars, cardiopulmonary bypass, and X-ray exposure, and it provides good clinical results and esthetically favorable outcomes. Although the short-and mid-term followup results were encouraging, further long-term follow-up is still needed to evaluate the long-term outcomes of this procedure. 
